Abstract. In this paper, the hyperchaotic system in the same structure with unknown parameters are anti-synchronized using the active control technique. The designed controller ensures the full anti-synchronization between the drive and the response systems in state variables and the update rule of the unknown parameters ensures the identification of parameters. In addition, the drive and the response system as well as the identification circuit for unknown parameters are established and a series of circuit simulations are completed. The highly consistency between the numerical simulation and the circuit simulation has proved the validity of the scheme.
Systems
Here, we take a nonlinear hyperchaotic system as the drive system to ), , ( n means the state vector of system, f, g∈R n means the vector field functions, u(t, x, y)means the designed active controller. Given that e=y+x is the anti-synchronous error for achieving the anti-synchronization between x and y, the anti-synchronous error between the designed system (2) and the drive system (1) is e, that allows the response system (2) with y0 as its initial value condition and the drive system (1) with x0 as its initial value condition to approach asymptotically, namely anti-synchronization, in other words, This hyperchaotic system is derived from the Chen system [15] . Described by the following 4D autonomous system [13] :
x = a(y -x) y = (c -a)x -xz + cy z = -bz + xy -yz + xz -w w= -dw+ yz -xz
where d is a new system parameter.
When a=37, b=3, c=26 and d=38, System (3) has two positive Lyapunov exponents, indicating that it is a hyperchaotic system with strange attractors showing complicated dynamic behaviors. The simulated results are shown in Fig. 1 . The next three sections, we will study the anti-synchronization of the hyperchaotic system with unknown parameters using the active control method.
Active Control for Anti-synchronization
To make a study on the anti-synchronization about a hyperchaotic system without known parameters using active control, we take System (3) as a drive system meeting the following conditions: 
where u=[u1(t), u2(t), u3(t), u4(t)]
T is the active control function. Here our purpose is to design an active controller u to allow System (5) anti-synchronize with system (4). Accordingly, we get the error dynamics between System (5) and (4) 
where e1=x2+x1, e2=y2+y1, e3=z2+z1, e4=w2+w1.
To study how to make active control on hyperchaotic anti-synchronization, the following theorem is deduced:
Theorem

Considering the following nonlinear controller:
and estimating the tracking rule for parameter a ' , b ' , c ' and d: 
and then, the drive system (4) and the response system (5) will be asymptotically anti-synchronized gradually in state variables.
Proof
Choosing the positive definite Lyapunov function 
(10) Substituting Equation (7) and (8) 
when   t , the two hyperchaotic systems in the same structure (4) and (5) will achieve the anti-synchronization progressively, although the parameters of System (5) are unknown. Consequently, the asymptotic anti-synchronization of the two hyperchaotic systems is proved.
Numerical Simulation
In the numerical simulation, we verfy the feasibility of the designed controller u and the parameter updating laws. We set a=37, b=3, c=26 and d=38 in System (4) to ensure the system is a hyperchaotic one. Employ the Runge-Kutta integration method to make the computation with the time step h=0.01. The initial conditions for the drive system are (x1(0), y1(0), z1(0) and w1(0))=(-6, -7, -8, -9); the initial conditions for the response system are (x2(0), y2(0), z2(0), w2(0))=(6, 7, 8, 9) ; the estimating values of the parameters are (a ' (0), b
)=(1, 2, -3, -4) initially; and activat the controllers at the time when t=0. Fig. 2 (a)-(b) are the phase diagrams of the response and the drive systems when they are completely anti-synchronized; (c)-(d) are the time-state variables of the drive and the response systems when they achieve the anti-synchronization. The symmetrical patterns indicate that the full anti-synchronization between the two hyperchaotic systems has been achieved with the designed controller. Fig. 2(e) shows the process that e1, e2, e3 and e4 evolve to 0 gradually after the controller is switched on and the hyperchaotic system achieves the anti-synchronized globally when t>30s. Fig. 2(f) shows the identification process of the unknown parameters. Obviously, with the evolution of time t, the 4 estimates are approaching a ' =a=37, b ' =b=3, c ' =c=26 and d ' =d=38 gradually, while the response system is getting to be completely anti-synchronized with the drive system. 
Circuit Experiment
Circuit Design
The actual circuit simulation of the hyperchaotic system is carried out using the Multisim11.0 analog electronic circuit which comprises the multiplier electronic devices AD633, the operational amplifiers LF353, several linear resistances and capacitances; and the four state variables X1, Y1, Z1 and W1 are constructed into a new hyperchaotic system circuit. The power supply of the operational amplifier is the ±12V dual supply. To avoid the distortion of the circuit simulation, the output voltage of the system is adjusted to one tenth (1/10), so the multiplier gain is set to 0.1V/V. The idea for designing the anti-synchronization response circuit for the hyperchaotic system is the same as the one for its parameter identification circuit and drive circuit. It is also to turn the output voltages of signals, x2, y2, z2 and w2 into the 1/10 of variables in Equation (4) . The multipliers are all AD633 and the gain is set to 0.1V/V in the circuits, namely. The designed circuit diagrams are shown in Fig. 3 . 
Circuit Simulation
The circuit in Fig. 3 is simulated using the Multisim 13.0 software and the chaotic attractors and the oscillation curves for the two systems in Fig. 4 (a) and 4(b) are achieved. Obviously, being coincide with the numerical simulation diagrams in Fig. 2(a-d) , the phase diagrams and the sequence diagrams are symmetrical. And the anti-synchronization curves for the circuit simulation ( Fig. 5 ) have further confirmed that the drive and the response systems have reached anti-synchronization. Finally, the transient response of the uncertain parameters in the circuit is simulated and the identification process of these parameters are shown in Fig. 6 
Conclusion
Under the condition without knowing the system parameters or with unknown parameters, active controllers are designed based on the Lyapunov stability principle so that two hyperchaotic systems accomplish the anti-synchronization, while the identification of the unknown parameters are completed. The method is simple and practical and its control effect is very satisfactory. The response and drive systems as well as the unknown parameter identification circuits are designed and a series of circuit simulations are carried out using the Multisim software. The simulation results are ideal. The circuit simulated and the numerical simulated are identical in phase diagrams, time-sequence diagrams and the unknown parameter identifications. The ant-synchronization curves prove that the two hyperchaotic systems have fully reached anti-synchronization state. The numerical and the circuit simulation results verify the effectiveness of the proposed method jointly.
